






























investigations	 into	aesthetic	 cognition	were	conducted	 in	 the	 late	18th	century	by	Gustav	
Theodor	 Fechner	 (Fechner,	 1876).	 Fechner	 studied	 optimal	 proportions	 in	 paintings	 (“the	
golden	 ratio”)	 arguing	 that	 a	 “bottom-up”	 scientific	 approach	 to	 aesthetics	 should	 aim	 to	
reveal	general	principles	of	human	aesthetic	judgement.	Initially,	the	term	‘aesthetics’	was	
introduced	 by	 the	 philosopher	 Alexander	 Baumgarten.	 It	 is	 derived	 from	 the	Greek	word	





performing	 arts,	 and	more	 specifically,	 dance.	 (Kreitler	 &	 Kreitler,	 1972)	 argued	 that	 the	
aesthetic	appeal	of	dance	primary	 lies	 in	 “remoteness	 from	 the	habitual”.	On	 this	notion,	
dance	movements	are	enjoyed	because	they	are	performed	in	such	a	way	that	people	would	
not	 normally	 move.	 According	 to	 Gestalt	 Psychologist	 Rudolf	 Arnheim,	 aesthetic	
appreciations	 of	 dance	 should	 resemble	 the	 aesthetics	 of	 all	 other	 moving	 visual	 stimuli	
(Arnheim,	1974)	and	should	depend	on	the	gestalt	laws	of	perceptual	organisation,	such	as	
good	 continuation	 and	 symmetry.	 Importantly,	 he	 also	 emphasised	 the	 role	 of	 dynamic	
changes	 in	 movement	 speed	 and	 acceleration	 in	 movement	 aesthetics.	 In	 recent	 years,	
neuroaesthetics	(Chatterjee	&	Vartanian,	2014;	Pearce	et	al.,	2016)	have	questioned	such	a	
purely	 visual	 approach	 to	 movement	 aesthetics.	 Even	 abstract	 visual	 art	 often	 makes	
references	to	human	action	and	provides	clues	to	the	movements	that	were	made	by	the	
artist	 to	 produce	 the	 artwork	 (Freedberg	 &	 Gallese,	 2007;	 Sbriscia-Fioretti,	 Berchio,	
Freedberg,	Gallese,	&	Umiltà,	2013;	Ticini,	Rachman,	Pelletier,	&	Dubal,	2014)	In	the	context	











conversation,	 (Grice,	1991)	argues	 that	 this	exchange	of	 information	 requires	 cooperation	
between	 the	 speaker	 and	 the	 listener.	 In	 dance,	 information	 is	 primarily,	 though	 not	
exclusively	 (Jola,	 Pollick,	 &	 Calvo-Merino,	 2014),	 communicated	 through	 movement.	







derived	 from	 watching	 dance	 thus	 depends	 on	 the	 spectator’s	 ability	 to	 perceive	 and	
understand	the	performers’	intentions	and	emotions	on	the	one	hand,	and	the	performer’s	
ability	to	effectively	express	these	intentions	and	emotions	on	the	other	hand	(Hanna,	1983).		
We	 can	 distinguish	 three	 components	 of	 the	 communicative	 process	 during	 a	 dance	
performance	(Guido	Orgs	et	al.,	2016).	The	dancer	transmits	information	to	the	spectator	via	





























and	how	these	spatial	 features	unfold	over	 time.	Many	of	 the	visual	 features	present	 in	a	
dance	performance	are	not	necessarily	specific	to	dance	but	are	shared	by	all	visual	displays.	
As	a	visual	stimulus,	dance	can	be	conceptualised	at	least	three	levels	of	representation,	the	










postures	 (Daprati,	 Iosa,	&	Haggard,	2009).	Next,	 the	dynamic	 level	comprises	movements,	
considered	as	transitions	from	one	posture	to	another.	Aesthetic	evaluation	at	this	level	might	
depend	 on	 factors	 such	 as	 speed,	 movement	 direction	 and	 effort	 (Christensen	 &	 Calvo-
Merino,	2013;	Laban	&	Ullmann,	2011).	For	example,	movements	with	a	smooth,	predictable	
movement	path	are	preferred	to	jerky	movement	paths	with	changes	of	movement	direction	
between	 every	 posture	 (Guido	 Orgs,	 Hagura,	 et	 al.,	 2013).	 Other	 dynamic	 parameters	 of	
movement	aesthetics	include	the	speed	at	which	turns	are	performed,	movement	amplitude	
and	the	presence	of	jumps	(B.	Calvo-Merino	et	al.,	2008;	Torrents,	CastaÃ±er,	Jofre,	Morey,	
&	 Reverter,	 2013).	 For	 groups	 of	 dancers,	 dynamic	 visual	 features	 will	 further	 include	
movement	symmetry	and	synchrony	between	dancers	(Brick	&	Boker,	2011;	Vicary,	Sperling,	
Von	Zimmermann,	Richardson,	&	Orgs,	forthcoming).	Finally,	at	a	structural	level,	individual	
movements	 can	 be	 arranged	 into	 longer	 phrases,	 following	 compositional	 rules	 (Opacic,	
Stevens,	 &	 Tillmann,	 2009;	 Guido	 Orgs,	 Hagura,	 et	 al.,	 2013;	 Schiffer	 &	 Schubotz,	 2011).	





inferred	 and	 predicted	 from	movement	 kinematics	 (Giese	&	 Poggio,	 2003;	 J.	M.	 Kilner	 &	










light	 displays	 of	 a	 person	 moving	 provide	 reliable	 cues	 for	 specific	 emotions	 (Atkinson,	
Tunstall,	&	Dittrich,	2007).	In	point-light	displays,	a	human	figure	is	reduced	to	a	set	of	dots,	
typically	positioned	across	joints.	The	configural	motion	of	these	dots	gives	a	vivid	impression	











other	 performers	 and	 spectators.	 For	 example,	 dancing	 in	 synchrony	 increases	 group	
affiliation	 (Reddish,	 Fischer,	 &	 Bulbulia,	 2013;	 Tarr,	 Launay,	 Cohen,	 &	 Dunbar,	 2015;	 von	
Zimmermann,	Vicary,	Sperling,	Orgs,	&	Richardson,	in	review)	and	memory	for	other	group	
members	(Woolhouse,	Tidhar,	&	Cross,	2016).	(Hagen	&	Bryant,	2003)	argue	that	dance	and	
music	 fulfill	 evolutionary	 function	 in	 ‘coalition	 signalling’.	Groups	of	performers	moving	 in	
skilfull	synchrony	signal	to	spectators	that	they	are	close	affiliated	to	each	other	and	work	
together	efficiently.	In	a	recent	study,	(Vicary	et	al.,	forthcoming)	directly	measured	the	effect	









Visual,	 action	 and	 social	 features	 are	 processed	 by	 the	 spectator’s	 brain.	 Aesthetic	
appreciation	and	aesthetic	judgement	thus	require	understanding	of	the	psychological	and	
brain	 mechanisms	 that	 process	 these	 different	 features	 of	 the	 movement	 message.	 One	
important	constraint	of	communicating	this	information	is	the	spectator’s	expertise	with	the	




























of	 techniques,	 tools	 and	 compositional	 approaches	 (see	 http://motionbank.org	 for	 a	 few	
examples	from	contemporary	choreography).	Novices	to	dance	may	not	be	aware	of	these	
varied	approaches	to	dance	making	and	choreography,	and	in	contrast	to	much	of	visual	art	
(Tinio,	 2013),	 it	 is	 not	 possible	 to	 reconstruct	 the	 creative	 process	 of	 dance	 making	 by	
watching	 a	 performance	 of	 the	 choreographic	 work.	 Identical	 movements	may	 be	 either	




















are	 associated	with	 greater	 activity	 in	motion	 sensitive	 brain	 area	 V5/MT+.	 Although	 this	
experiment	was	conducted	using	simple	white	dots	moving	on	a	black	background,	and	did	
not	contain	any	displays	of	the	human	body,	similar	principles	of	grouping	dancers	on	stage	




Fusiform	Body	Area	 (FBA)	 (Guido	Orgs	et	 al.,	 2015;	Orlov,	Makin,	&	Zohary,	2010;	Urgesi,	
Calvo-Merino,	 Haggard,	 &	 Aglioti,	 2007).	 Whereas	 EBA	 primarily	 responds	 to	 body	 parts	
(Downing	 &	 Peelen,	 2011;	 Vangeneugden,	 Peelen,	 Tadin,	 &	 Battelli,	 2014),	 visual	 body	
representations	 in	 FBA	 are	 supposedly	 more	 configural	 and	 more	 closely	 related	 to	 the	
subjective	percept	(Bernstein,	Oron,	Sadeh,	&	Yovel,	2014;	Ewbank	et	al.,	2011;	Guido	Orgs	
et	 al.,	 2015;	 Taylor	 &	 Downing,	 2011).	 Moreover,	 activity	 in	 these	 body-specific	 areas	 is	







EBA	and	 the	ventral	premotor	cortex	 indeed	contribute	 to	aesthetic	preferences	 for	body	
postures	(B.	Calvo-Merino,	Urgesi,	Orgs,	Aglioti,	&	Haggard,	2010).	In	this	study,	pairs	of	body	
postures	were	 presented	while	 transcranial	magnetic	 stimulation	 (TMS)	was	 applied	 over	
both	brain	areas.	For	each	pair,	observers	judged	which	body	posture	they	preferred.	Relative	
preferences	 were	 compared	 to	 an	 aesthetic	 baseline	 judgement	 for	 each	 body	 posture.	
Stimulating	 both	 EBA	 and	 ventral	 premotor	 cortex	 independently	 altered	 aesthetic	
preferences	 relative	 to	 baseline.	 Participants’	 aesthetic	 judgements	were	more	 consistent	
with	their	baseline	ratings	when	EBA	was	stimulated	relative	to	ventral	premotor	cortex.	In	
contrast	to	the	study	by	Zeki	and	Stutters	(2012)	this	pattern	of	results	suggests	that	there	is	
no	 simple	 linear	 relationship	 between	 the	 activity	 in	 one	 of	 these	 areas	 and	 aesthetic	
judgements.	In	Calvo-Merino’s	study,	stimulating	across	both	sites	did	not	simply	increase	or	
decrease	 liking	 for	 these	 body	 stimuli.	 Instead	 participants’	 preferences	 were	 less	
aesthetically	sensitive,	suggesting	a	more	complex	relationship	between	motor	resonanceand	
aesthetic	 judgements.	 This	 was	 the	 first	 study	 that	 employed	 TMS	 to	 modify	 aesthetic	
preference	and	therefore	showing	a	causal	 relationship	between	aesthetic	 judgement	and	
processing	of	visual	and	action	features	in	these	areas.		
Aside	 from	EBA	and	FBA,	 research	using	point-light	walkers	shows	that	 the	STS	 is	causally	
involved	 in	 recognizing	 human	movement	 (Blake	 &	 Shiffrar,	 2007;	 Puce	 &	 Perrett,	 2003;	
Vangeneugden	et	 al.,	 2014).	 Similar	 to	movement	 processing	 in	 EBA/FBA,	 activity	 in	 pSTS	
distinguishes	 between	 different	 emotions,	 suggesting	 an	 increased	 response	 of	 pSTS	 to	







superior	 temporal	 gyrus,	 and	 identify	 this	 region	 as	 an	 important	 node	 for	 facilitating	
auditory–motor	 interaction	 in	 the	 context	of	 rhythm	 (Chen,	Penhune,	&	Zatorre,	2009).	A	
























incomplete,	 lacking	 in	 information	 of	 bodily	 shape	 (Schütz-Bosbach	 &	 Prinz,	 2007)	 or	
movement	dynamics	 (Stevens,	Fonlupt,	Shiffrar,	&	Decety,	2000;	Guido	Orgs	et	al.,	2015).	
Vivid	perceptions	of	movement	 can	 result	 from	watching	purely	 static	 sequences	of	body	
postures	 (Guido	Orgs,	 Bestmann,	 Schuur,	&	Haggard,	 2011;	Guido	Orgs	&	Haggard,	 2011;	
Guido	Orgs,	Kirsch,	&	Haggard,	2013).	 In	a	 recent	 imaging	study,	 (Guido	Orgs	et	al.,	2015)	
showed	 that	 this	 reconstruction	 indeed	 involves	primary	and	supplementary	motor	areas.	
Moreover,	seeing	such	apparent	biological	motion	was	associated	with	increased	functional	
connectivity	between	these	motor	areas	and	FBA.	Motor	resonance	therefore	does	not	only	
help	 to	extract	action	 features	 from	the	visual	movement	 stimulus	 itself,	but	 reconstructs	
visual	features	based	on	existing	motor	representations	of	the	observed	movement.		
Recent	studies	suggest	a	role	of	motor	and	premotor	areas	in	aesthetic	perception	beyond	
dance.	 According	 to	 an	 embodied	 simulation	 account	 of	 aesthetics	 (Freedberg	&	Gallese,	
2007;	Sbriscia-Fioretti	et	al.,	2013;	Ticini	et	al.,	2014;	Umilta’,	Berchio,	Sestito,	Freedberg,	&	
Gallese,	2012).	The	simulation	of	actions,	emotions	and	corporeal	sensations	provoked	by	a	
particular	 art	 form	brings	 about	 an	 aesthetic	 experience.	 By	 allowing	 embodiment	 of	 the	






Merino	 et	 al.,	 2008)	were	 the	 first	 to	 use	 human	 neuroscience	 tools	 to	 investigate	 brain	
processes	underlying	an	observer’s	 aesthetic	experience	of	watching	dance.	They	built	on	
previous	work	using	static	images	or	limited	body	movement	by	investigating	the	relationship	
between	 activity	 within	 sensorimotor	 cortices	 while	 watching	 dance	 and	 giving	 aesthetic	
judgments.	Functional	MRI	scans	of	non-dancers’	brains	were	recorded	while	 they	viewed	
ballet	 and	 capoeira	 movements	 performed	 by	 professional	 dancers.	 Later,	 the	 same	
participants	were	invited	back	into	the	laboratory	to	rate	each	video	stimulus	on	five	aesthetic	










with	 differential	 neural	 responses	 during	 dance	 observation.	 The	 authors	 concluded	 that	
visual	and	 sensorimotor	areas	play	a	 role	 in	an	automatic	aesthetic	 response	 to	dance,	 in	
terms	of	how	much	spectators	enjoy	watching	a	movement	 (see	 further	details	on	Calvo-
Merino’s	 chapter,	 this	 volume).	 Furthermore,	 Cross	 and	 colleagues	 (2011)	 demonstrated	
stronger	engagement	of	parietal	portions	of	the	MNS	when	dance-naïve	observers	watched	
dance	movements	they	rated	as	both	highly	enjoyable	to	watch,	and	extremely	difficult	to	








Merino,	 Grèzes,	 Glaser,	 Passingham,	&	 Haggard,	 2006;	 Gardner,	 Goulden,	 &	 Cross,	 2015;	





























thereby	 increasing	 their	 perceptual	 familiarity.	 Initially	 unpopular	 dance	 styles	 may	 gain			
widespread	recognition	over	 time,	 the	more	often	the	artistic	works	are	being	staged	and	
experienced.	One	example	is	Stravinsky’s	“Rite	of	Spring”	first	staged	by	the	Ballets	Russes	in	
1913,	 which	 was	 rejected	 by	 the	 public	 when	 it	 premiered,	 but	 is	 now	 regarded	 as	 a	
masterpiece	(Berg,	1988).	Interestingly,	such	long-term	changes	in	aesthetic	appreciation	also	
apply	 to	 specific	 visual	 features	 of	 dance	 movement.	 For	 example,	 ballet	 postures	 have	
become	more	 extreme	 over	 the	 course	 of	 many	 years	 (Daprati	 et	 al.,	 2009).	 Changes	 in	
perceptual	 familiarity	 can	 thus	 partially	 explain	 long-term	 “Zeitgeist”	 effects	 in	 aesthetic	



















exposure	 groups,	 fluent	 symmetrical	 movement	 sequences	 were	 preferred	 to	 all	 other	
sequences	and	their	aesthetic	appeal	did	not	change	depending	on	whether	these	sequences	
had	been	watched	before.	This	finding	suggests	that	simple	stimuli	are	generally	preferred	to	
complex	 ones,	 and	 fits	 will	 aesthetic	 accounts	 of	 ease	 of	 processing	 fluency	 and	 gestalt	














The	 brain	 has	 dedicated	 mechanisms	 that	 process	 stimulus	 structure	 and	 meaning	 of	
movement	sequences.	EEG	studies	using	goal	directed	everyday	actions	such	as	preparing	
coffee	showed	that	expectation	violation	in	the	action	domain	are	comparable	to	those	in	the	
language	 domain	 and	 are	 associated	 with	 similar	 neural	 correlates	 of	 semantic	 surprise		
(Maffongelli	et	al.,	2015;	Proverbio	&	Riva,	2009).	 (Amoruso	et	al.,	2014)	show	that	event	
related	potentials	 (ERPs)	are	sensitive	to	the	perception	of	choreographic	 ‘errors’	 in	tango	
performance.	 Similarly,	 (Ahlheim,	 Stadler,	 &	 Schubotz,	 2014)	 showed	 that	 observers	 are	
indeed	sensitive	 to	 surprise	as	 function	of	 the	probability	of	action	steps	within	an	action	
sequence.	In	an	fMRI	experiment	participants	observed	another	person	assembling	objects	
according	to	a	fixed	set	of	arbitrary	rules	which	were	unknown	to	the	observers.	Following	an	

















motor	 repertoire	 as	 the	 dancer.	 However,	 if	 visual	 motion	 perception	 is	 an	 ‘embodied	
process’,	in	the	sense	of	linking	the	observed	actions	of	others	to	one’s	own	motor	repertoire,	
then	the	receiver	must	have	the	capacity	to	make	the	movement	they	observe	(Aglioti,	Cesari,	
Romani,	 &	 Urgesi,	 2008;	 B.	 Calvo-Merino,	 Glaser,	 Grèzes,	 Passingham,	 &	 Haggard,	 2005;	
Beatriz	Calvo-Merino	et	al.,	 2006;	Cross,	Hamilton,	&	Grafton,	2006;	Gardner	et	al.,	 2015;	




Heyes,	2014).	Movements	with	 low	motor	 familiarity	might	 therefore	be	 less	aesthetically	
pleasant	 than	 movements	 for	 which	 the	 observer	 has	 the	 corresponding	 motor	
representation	(Beilock	&	Holt,	2007;	Topolinski,	2010).	





















were	 preferred	 to	 movements	 which	 scored	 higher	 on	 feasibility.	 Interestingly,	 mere	
exposure	 accounts	 of	 aesthetic	 experience	 predict	 the	 opposite:	 familiar	 and	 feasible	
movements	 should	 be	 preferred	 to	 unfamiliar	 movements,	 as	 greater	 familiarity	 with	 a	
movement	is	associated	with	increased	processing	fluency	(Beilock	&	Holt,	2007;	Topolinski,	
2010).	 In	two	recent	studies	designed	to	directly	test	the	relationship	between	movement	
familiarity	 or	 feasibility	 and	 aesthetic	 preference,	 Kirsch	 and	 colleagues	 found	 that	
participants	who	physically	train	to	perform	particular	dance	movements	report	liking	those	
movements	 more	 after	 training	 compared	 to	 before	 training	 (Cross	 et	 al.,	 2011;	 Kirsch,	
Dawson,	&	Cross,	2015a).	When	these	findings	are	considered	in	light	of	those	by	Cross	and	
colleagues	(2011)	that	show	more	liking	for	less	familiar	movements,	we	start	to	see	that	the	
relationship	 between	 physical	 aptitude	 and	 aesthetic	 preferences	 is	 likely	 much	 more	
complex	than	any	one	theory	can	capture.	
In	 summary,	 existing	 studies	 have	 produced	mixed	 findings	 on	 the	 relationship	 between	
motor	familiarity	and	preference.	Whereas	some	studies	show	that	knowing	how	to	perform	
a	movement	correlates	positively	with	aesthetic	preference,	other	studies	suggest	that	novel	

















dance	 performances	 involve	 a	 fixed	 series	 of	 steps	 that	 are	 supposedly	 performed	 in	 a	
consistent	and	similar	way	every	time	the	performance	is	staged.	Many	classical	and	modern	
dance	pieces	 fall	 into	 this	 category	of	 fixed	 step	choreographies.	On	 the	other	end	of	 the	
spectrum	dance	performances	may	be	fully	improvised,	with	a	movement	vocabulary	that	is	
never	 repeated	 across	 different	 performances.	 In	 this	 case	 choreographies	 are	 often	
characterised	 by	 more	 flexible	 rules	 and	 tasks	 which	 govern	 the	 movements	 that	 the	
performers	execute	on	stage.	Such	task-based	choreographies	(e.	g.	by	William	Forsythe	or	




and	 motor	 familiarity	 with	 the	 movements	 that	 are	 being	 performed,	 but	 also	 by	 the	
conceptual	 knowledge	 of	 the	 spectator.	 Complexity	 and	 originality	 of	 improvised	 dance	
movements	can	only	be	appreciated	if	the	spectator	is	aware	that	these	movements	are	in	
fact	improvised	on	the	spot	and	do	not	follow	a	set	sequential	structure.	As	in	other	art	forms	






























compartmentalising	 dance	 into	 visual,	 action	 and	 social	 features	 is	 a	 useful	 approach.	
Similarly,	 multisensory	 aspects	 of	 the	 dance	 experience,	 particularly	 in	 relation	 to	 the	
influence	of	music	on	movement	aesthetics	have	not	received	much	attention	in	the	existing	
research	literature.	However,	a	clear	theoretical	framework	is	needed	in	order	to	formulate	
predictions	 and	 testable	 hypotheses.	 Future	 studies	 will	 inform	 as	 to	 whether	 these	
predictions	 hold	 for	 live	 performances	 and	 other	 performing	 arts	 in	 which	 watching	
movement	is	an	important	aspect,	such	as	acting,	pantomime	and	musical	theatre.				
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